Abstract-Genetic algorithms are capable of optimizing the performance of antenna arrays. They model biological evolution to find the parameters that optimize the output of a function. In this paper, the genetic algorithms find the quantized phase weights that opljmize the sidelobe levels of an array over its scailning region.
1. INTRODUCTION Antenna mays in aerospace applications must perform a multitude of complex roles f un the radar and communications systems. Optimizing these antennas is quite challenging because of the large number of parameters arid the difficulty in calculating perfoimance characteristics.
Traditional optirmization methods find suboptimum solutions, often require derivative calculations, and cannot optimize with discrete parameters. One relatively new approach to the optimization of complex systems that overcomes the previously mentioned problems is the genetic algorithm. A genetic algorithm nitodds evolutionary processes on a computer to arrive at an optimum solution. These algorithms are extremely powerful and may be applied to a wide range of engineering design problems. A genetic algorithm searches an extremely large, but ffite, solution space to arrive at an optimum solution.
Antenna arrays usually adjust discrete parameters, such as amplitude weights and phase shifters, to give some optimum performance in the far field pattern. A genetic algorithm is perfect for optimizing sidelobe levels, nulls, or other performance characteristics. This paper shows how to design quantized phase tapers for linear arrays with a genetic algorithm. The resulting tapers yield optimum sidelobe performance over the bandwidth of the antenna. For instance, it is possible to find a quantized phase or amplitude taper that produces the lowest possible sidelobe levels over a specified angular region and bandwidth.
MODELING ANTENNA ARRAYS
A linear array antenna is a group of equally spaced antennas arranged along a line and whose outputs are added together to provide a single output. When optimizing an array, the parameters and COS^ function must be specified. The parameters are the amplitude and phase controls at each element. The cost function is the quantity to be " i z e d . Some cost function alternatives are sidelobe level null depth in specified direction beamwidth or gain The cost function may also include 0 scan angles bandwidth quantization parameters
GENETIC ALCORTTHMS
Genetic algorithms are a subset of evolutionary computations. Evolutionary computations attempt to use biological processes for the basis of a computer algorithm that optimizes highly complex problems. 
They are not as likely to get stuck in local
minima. An initial random set of genes samples the parameter space. Crossover and mutation keep the search from narrowing to a particular region too quickly.
3.
They can optimize a problem with a large number of parameters. The search space has far too many local minima for conventional optimization methods when the number of parameters gets large.
They are simple to understand and program.
References [2] and [3] provide more details on the algorithm.
RESULTS
Phased arrays often use digital phase shifters to steer the main beam. It is possible to use these same phase shifters to lower the sidelobe levels If the elements had isotropic element patterns and the phase shifters were analog, then a low sidelobe phase taper optimized at broadside would provide the same low sidelobes as the beam steered to some angle. The element patterns reduce the main beam amplitude and increase the sidelobe levels of sidelobes near broadside. Consequently, the relative sidelobe level goes up. In addition, an undesirable quantization lobe enters the pattern as the beam is steered [6] .
As an example, consider a 60 element linear array with the elements spaced one half of a wavelength apart. The broadside array far field pattern is shown in Figure 3 . Its aperture efficiency is q=1, and the aperture efficiency at broadside for a linear array of isotropic point sources spaced d 4 . 5 1 is defied as [l] precision phase shifters to 4 = 60" results in a reduction in the main beam and a general increase in sidelobe levels as shown in Figure  4 . The main beam is 1.25 dB lower than the broadside case and the maxi" relative sidelobe level is -13.2 dB. These performance reductions are due to the element patterns and not the array factor. If the phase shifters are quantized to three bits, then the beam does not precisely point to $ = 60" and quantization lobes appear as shown in Figure 5 . The minimum maximum sidelobe level for the population. The phase taper that results from this optimization has an aperture efficiency of 774.60 and is shown in Figure 7 . The corresponding far field pattern appears in Figure 8 and has a peak relative sidelobe level of -15.8 dB. Steering the beam to $ = 60" while keeping the low sidelobe phase taper results in the far field pattern shown in Figure 9 . Again, the quantization lobe appears and is only 9.8 dB below the peak of the main beam. Optimizing the phase taper at $ = 60" results in the phase taper shown in Figure 10 and the far field pattern in Figure 11 . The Illitxi" relative sidelobe level is -12.9 dB, and the aperture has an efficiency of ~p 0 . 5 6 . This paper has shown how to apply a genetic algorithm to find low sidelobe phase tapers that take into account beam steering. The phase tapers are different for each steering angie and can be stored in a lookup table.
CONCLUSIONS
Applying the phase taper results in reduced sidelobe level but decreases aperture efficiency as well. Unlike conventional optimization algorithms, the genetic algorithm can work with a large number of discrete parameters. 
